A liquid scintillator base experiment KamLAND-Zen has set a lower limit on neutrinoless double beta decay half-life, and upgrade project KamLAND-Zen 800 has started in 2019. Unfortunately this project expects some backgrounds, and one of the main backgrounds is β/γ-ray from 214 Bi in container of xenon loaded liquid scintillator (mini-balloon). In order to reject the background, we suggest using scintillation film for the future mini-balloon. If we can tag α-ray from 214 Po by scintillation detection, we can eliminate 214 Bi events by delayed coincidence analysis.
Introduction
Neutrinoless double-beta decay (0ν2β) has an important role to solve the Majorana nature of neutrinos, but it is still not observed yet. KamLAND-Zen 400 and GERDA searched and reported the lower limit of its half-life as about 1 × 10 26 yr [1, 2] .
In the KamLAND-Zen 800 experiment as an upgrade program of KamLAND-Zen 400, newly fabricated mini-balloon is installed that is made of extremely low-background nylon film and holds 745 kg of 91% enriched 136 Xe loading an ultra-pure liquid scintillator. However, the backgrounds still remain; the dominant background is β/γ-rays (Q β/γ = 3.2 MeV) from 214 Bi contamination in the nylon film.
In order to identify 214 Bi background, delayed-coincidence method is useful with a tagging its sequential decays of 214 Bi-214 Po (Q α =7.8 MeV, T 1/2 =164.3 µsec) and its tagging efficiency is 99.97% in the liquid-scintillator. Unfortunately, at the near of the mini-balloon, about 50% of 214 Po α-ray stops in the nylon film material because of its short mean free path, and the tagging efficiency also decreases ( Figure 1 ).
Here we propose using a PolyEthyleneNaphthalate (PEN) film as the mini-balloon material in order to detect all of the 214 Po α-ray for 214 Bi background rejection with the delayedcoincidence. PEN is recently reported it has a blue photon emission [3] and it has commercially high chemical resistance, flexibility, and high transparency. We have developed feasibility studies of a PEN-based mini-balloon (scintillation balloon) for a future KamLAND-Zen and found that it can identify 99.7% of 214 Bi backgrounds [4] . Currently, we started to fabricate a test-size scintillation balloon and develop a detail of its fabrication and handling for introducing into a future KamLAND2-Zen project. This scintillation balloon is an essential vessel for a liquid-scintillator detector to suppress the radioactive backgrounds. In addition, recently some experiments also plan to use a PEN as self-vetoing structural material [5] or as a liquid-argon vessel [6] . PEN has the various potential for using in low-background required experiments.
Test Fabrication and Heat-Welding with PEN
Both of current nylon-based mini-balloon in the KamLAND-Zen 400/800 are fabricated by heatwelding with 24-gores and some parts. Welding parameters were optimized for a 25-µm thickness nylon film, but it is not cleared for a PEN film.
We searched about welding parameters with satisfying with our requirement of 40 MPa strength on a welded line in order to hold the liquid scintillator. The welded line is approximately 0.5 cm overlapped. The parameters are tuned as follows; maximum temperature 220 • C, heating time 2.0 s, and cooling temperature 80 • C, but these parameters may depend on the humidity so that we have to re-tune the parameters in-situ environment. Film strength measurement of its welded PEN film by a force gauge (IMADA ZTA-500) is shown in Figure 2 . A breaking point is about 175 MPa strength with 4.05 mm displacement and it is satisfied our requirement. We also fabricated an 800-mm diameter test-size of PEN-based scintillation balloon for checking its handing compared with nylon film.
Since the film is very thin 25 µm, the fabricated balloon has sometimes tiny holes made by the heat-welding. Therefore we have to check it with helium-gas leakage after fabrication. In a nylon-balloon case, such tiny holes can be repaired by a patch-film with adhesive. However in the PEN film case, almost all adhesive cannot be used because of high chemical resistance of PEN. The current issue is such tiny hole repairing for PEN-based balloon although re-heating may be applicable. 
Summary
We proposed a PEN-based scintillation balloon for a liquid-scintillator type detector, particularly a future KamLAND2-Zen project, in order to distinguish 214 Bi background for 0ν2β search. Its test-size fabrication was started and we conduct the optimization of heat-welding parameters for a PEN film.
